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(8) Low distortion dynamic loudspeaker. 

(57) The present invention features a dynamic 
speaker having improved output power and 
decreased second harmonic distortion. The re- 
duction in second harmonic distortion results 
from a sandwich-type shielding arranged about 
the stepped pole piece of the speaker. The 
shielding protects the voice coil from a non- 
symmetrical magnetic flux interaction with the 
air gap between the pole piece and the front 
plate. This reduces the second harmonic distor- 
tion due to the non-symmetry of the minor 
hysteresis loop formed by the magnetic field of 
the energized voice coil with the static magnetic 
field acting on the ferromagnetic material mak- 
ing up the pole piece. Additionally, the decrease 
in inductance due to the location of the nonfer- 
romagnetic shielding members produces an in- 
crease in output. 
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Ths invention 'pertains to dynamicloudspeakers 
and, more particularly - to adynamic loudspeaker hav- . 
ing an increased power otrtput wrlh reduced harmonic 
distortion. « ■■ : \ *-i«--k- ,n ■ 

Present day construction* of dynamic Ibudspeak-'' 5 
ers features a vibrating cofte disposed in front Of a » 
pole piece with surrounding voice coil. ^The vbicB ceil • 
is disposed m a magnetic akig&p between the pole 
piece and a front plateiWhen an audio signal is fed*; 
to the voice coil, the voice! coil is cadsed to reciprocate' to- 
axiall/ within the magnetic air gap abouruhe-pole'- 
pieces ; * -wi .ijKv !>■ i n . -•*i.--i-»-f i fTi. - ■ 

The non-symmetric magnetic flux interactions W 
the magnetic f air gap 5 during th# i operation 'o* the' J 
loudspeaker have been 1 'found, to rc4) v tHe dynamic- 1 ts* 
loudspeaker of outpiit'powerjBS weltw^d^tntrodQce'' 
harmonic distortion: 1 ; '*j .v" .^u * ir^n oi ^<t 

The present invention seeds' to shieW ttle Vbfcet 
coil from nbr^symmetrtoal magndttorWx mteracttoiTs.i 
produced irrthe malefic afr^gap'between 'the 'pole 2<r. 
piece and the front platers >'V^ <.u M Vljl v t ni 
' Dynarrifotoikfcpeaktfrs require a Jtn*ar ^magnetic • 
field to reproduce sourfttwttrl mintmum dfstortton. T^rs ' 
requirementbecom^mb^tdr1¥ictiUat4oWfr^quenciesr 
and at h*gh pbv^r levels; iwti^lhe^e iSJlaVg^mpii^* 25 
tude cone and voice coflSniovemerit: fafifxrove 1 d'per" • 
forma'rfce can beL-afchfevetf 'lyy>tebricati^ the *pole 
pfece'with 'a'Sfepped^corlf^iJ^tibn;'^. a fcele frew; 
ha^rt^ first "arttf S§co^intii^aPc^irt(«rielErf 4tftttfwv»< 
with an upper" ■ dyiiridridal i'ae^fdrt' ftavirifc *aa wider* 3* 
diameter J'' 1 -'>"»•"■'; :»if ?o v mr t *'' ?< w.i k> <■:■-. b ^, : u 

In* apite of -erfiployirig stept^^e 1 pieces 1 ,* tfof' 
se^rKfhanTibhic^tbftid^ difficult tdVHAfP* 
nate: It'ia treaterf by the 1 ndh-syrrtmetfic ?nbradti6rt" 
betweer^the tndgrieflc field* generated ; b^the voice ■ 3$ 
coil andanbmer magnetic field 'generate Across the^ 
air igap' through the front plate f abd the'ptHe'ffieceV ThisT» 
other magrtetib field Vesulta i-ftdrrt'd :r ceramtb a iff^hel;^ 
disposed adjacent the front plate and the pole piece." 

Shielding- 'techrirques have been 'employee? by 4& 
others withvatriotis success. These pribr att shielding' 
methods utilfcte' coppeY pferted' pole pieces 1 ;' or trie 
placement of a copper' cylinder through the air'gap^ 
Copper plated pole pieces provide only a thtolayerof' 
shielding, which is not very effective. Placement of a 4fr 
copper cylinder in the air gap creates a wider air gap. 
which in turn reduces the power output of the speaker. 
Another speaker construction has introduced a flux- 
stabilizing ring located'away from the air gap/pole tip* 
and around the pole piece adjacent to Vie back' plate, so 
This rinb is claimed to maintain a constant level of 
magnetic energy in the' voice coil gap. ! ? tr * 

In accordance with the present invention 1 ,' there is 
provided a dynamic loudspeaker having a cone mov- 
ably supported within a basket said basket supported 5$" 
upon a front plate, a back plate disposed behind said 
front plate, an annular magnet disposed between said 
front plate and said back plate, a pole piece "disposed 



within said annular magnet and > sup ported, by said 
backiplate, said, pole piece -forming* an air gap with 
saidLfront .plate, across which a magnetic flux is. 
created,, a voice: coil, attached to trie tcone disposed 
within said-air gap characterised by first shield menrv ; 
ber disposed between said pole piece and said cane, 
and a second shield -member disposed between said 
pole piece and said annular magnet, said first and 
second i shield members shielding said pole piece 
from, magnetic flux interactions created in said air gap. 

Htf a. preferred embodiment the present invention 
has improved the tatjtput power and lowered the sec- 
ond liarmonicfdlstortion of the.speaker by placing two 
highly conductive, nonferromagnetic members adja- 
cent the magnetic air gap oh opposite sides of the 
wider* section .of .a, stepped cylindrical 1 pole piece. 
These highly conductive, . nonflekramagnetic imem- 
bteT8^ tijv addition to the, careful selection of other struc- 
tural iromtters of theispeaker, producer a twelve inch 
woofer with rncreasedioutput and low clistortion, par- 
tteiflariy^ow distortion in (the second* harmonic. ■ ■ . 

ii ^The\-highiy.icDonductive, »nonferromegnetlc merth 
bersjjsed in tfterconstructtan ofthe invention substan- 
tially shield the stepped, pole piece in the vicinity of the 
air gap^fnlim:a»rton^yrnmefr with the 

magnetic field generated by the voice coil. The 
sandwich' arrangement *■ erhployed -by iithe* invention 
alsb^eftedtivelyreduces^oice coirinduotance, thereby 
intprdiingsthe ipowefi'eutput'wfiile - simultaneously 
increasing inductance symmetry, thereby reducing 
ncwsyrmrietric- distortion. This in turn decreases the 
audible distortion, especially the second harmonic.*; 

»1A corriplete ondefetantiihg *df then present invent 
tion ftiay be obtained by reference. to the accompany-) 
irtgitfrawingsrtwhen taken im conjunction with* the* 

detailed description thereof , in which;' . \ 

Figure. 1 is a cross-sectional view 6f one embodi- 
'< ment of' the« dynamic loudspeaker of 'this inven- 

^F^urei^ifs a cross^eectional view of a second 
^ embodiment fof 'the dynamic loudspeaker tof the 
^ ; invention;" '-' v i 

PI<SURE! 3 deptcts'a cros*s-sectional view of a 
'iprtor art dynamic loudspeaker without the benefit 

' ''of the sandwich4ype>shielding members of this 

v fflventionr * "'^ ] ' ' 

■ : FIGURE 4 is a graph illustrating the power output 

,: and 'distortion characteristics of a dynamic 
loudspeaker constructed similarly to the speaker 
1 shewn in FIGURE 3, without the magnetic flux 
shielding of this invention; and 

- FIGURE 5 is a graph illustrating the power output 
and distortion characteristics of a dynamic 
loudspeaker constructed similarly to the speaker 
shown in FIGURE D, with the sandwich-type, 
magnetic flux shielding of this invention. 
Generally speaking, the invention features a 
dynamic loudspeaker having improved power output 
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with-* reduced'-second hanmonic ^distortion. The 
improvement in the operating characteristics 'of the ; 
speaker of this invention: results from 'two shading/, 
members that surround- and protect the pole piece of - 
the speaker. The harmonic distortion of the; inventive- 1 5 • 
loudspeaker has *beert reduced by more* thanrten. 1 
decibels over the two octave 1 band between 50^z and; 

200 HZ. .. i-iCs -r H *'>\ <■ -. ; 

Now .eferring. to- FIGURE . 3, *3i^idf .art 
loudspeaker 300 is illustrated. The speaker consists;: 10; 
of a felt dust cap 1 attached to> a paper cone ^ Multi- 
stranded tinsel leads,3 are affixed to cone 2 and lo; 
insulated terminals { not shown*) on . thejtwelv© incli. 
steel basket 5,; t yiut'i^i ( ::» r^^, y;,|p,;i 

A split aiuminum; bobbin,: voice coil 6 is disposed , tsr 
in an air gap 14 between a stepped pole piece- 1 1 and 
a one^haff inch steef^ont piate S.-tv.i. .--i \u,^, i :^t#.. ' 

A phenolic impregnated clothspider 4 is dtsposed I 
between basket 5 and the- base of cone 2 k An annular 1 
ceramic magnet ^ tsurrounde thecentrat pole iptecev 20; 
11, and is disposed between the^froot plate a and a; 
back plata l^made of.three-eighths IncrVsfeBb Albolt 
13iafflxes th&tpole piece : 11 ;to tbe badt plate r12.;Al 
paper, antnbuzz washer is disposed' between the t?6L-i> 
torn of. basket Stand 'the 1 topof/ the front- plate , 8; > ass 2S\ 

S*10wn:t ;/u/ yj i i-'i luon^fcin 

The careftil selection of.the above^comporrtnts ofc 
the prior, art speaker; provides*a:twelve; inobtjwoofefc 
with Jowtfstortiorvf and in particular aapeaketwithlow.i 
third order harmonics..^*, « am..* r »£•.»*•' i.i 3& 

* 'Such a speaker desipjv has a "lower than,averni 
age" Jevel.of second order harmonics, as depicted tby 
thegraphshown in- FIGURE 4iJFhiso/aphdepict& 1 the 
general, output. power A slightly: above the. 101*5. 
decibel Jev-ol, and the second order harmonic output 3& 
B reaching the 84 decibel,tevekat.8QHz; This repre- 
sents about 1 3%. second harmonicidistortion. 

In order to improve the second order harmonics 
of the above speaker design, the invention has 
developed sandwich-type shielding. In the first erp bo- 4a„ 
diment of4he invention; depicted In FIGURE 1 H the 
speaker 1 00 has been fitted with two aluminum shield- 
ing pieces consisting of>a disc 7 and aring 10j Thfffing 
10 fits around the pole piece under the wider stepped 
portion 16, adjacent the air gap 14. The aluminum disc 
7 fits on the top surface 17 of the stepped portion 16, 
as illustrated. The disc;7 and.ring t 10 sandwich? the 
pole piece, and effectively shield the stem of the pole 
piece. 11 .from the magnetic, field generated by i the 
voice coil 6, The sandwich shielding reduqes induct- 50, 
ance, thereby increasing loudspeaker power output, 
while reducing, non-symmetric distortion. Thisjip-jturn 
decreases the.audibte distortion, especially wi^res- 
pect to the second order harmonics. „ L „ 

One of the advantages. of the ajbov.e sandwich- ss. 
type shielding arrangement of this invention is, the 
ability to plaqe a la^ volume ot fielding material 
about the . pole piece. The front plate , can be 



sandwiched, by appropriate; \ no nferromagnetic :and 
electrically conductive materiaktsjmilar to *he stepped < 
pole piece to obtain itawer (distortion ^instead of or in. 
addition to the preferred embodiment described' 
herein. JSuch largavolumei shielding reduces the need 
for shielding, materials, within the.^air gap, wittY-the 
resultin^ossrof outpat power: .t». .m- >v ..-.|- 

b,. Fjteferring to FIGURB2, analternate embodimeot 
of the: speaker 100i with sandwich-type shielding ete*. 
ments J; t and ,1 0 of rTJGURE: % is illustrated* FIGURE , 
2: depicts a speaker; 200 that replaces disc and ring 
components 7 and 10 with two copper tubes 18 and 
19; respectively^The teoppen tube 18 is disposed on 
tha.top17.of pole piece ^ , aj*d isdesigned.toireplace 
the disc 7, while the copper tube.49 is disposed below 
thestepped -portion 16cf pole piece ll. and is desig- 
ned to replace the ring 10. Both the copper tubes 18 
amM$ effectively sanowich the ^joJei pieced 1 ; in simi- 
lanm*niwtotheeiT^diment^fFIGt;RE:,i. , 

**i 'Theutwo; embDCJitne^ts. ofcrjFlGURBS 1 and 2 
improve the power output and .raduce! second har- 
monic^diatortloa, ^asi, illustrated 4n - FIGURE . 5^ The 
upper ciiJTVB, A*) stiQWS.a, power output approaching. 
1 .deci|?»l^;8firt la.jsjecqrjd. ha^ojjiQ<putput.l? M of 
belqm 3fy decibels^ i This i represenjts - a : second j har-, . 
mQn^!disto^ioflpf,a>K)Ht.1..2%o hj»w \>n* «.i.rj A\ 

e'ulp *h? e^ent!e»ampl^4N ( ajrigap Mis pbarac- 
terwe4 .afc«a (5^5^l9ggus*^io^!^^ !^ ai^, > gapJ.feMt4h9 
invention i« np)dimitedtto n ttiis.ivfl)Me J ano\s . 
adiffereatgjfgjsp^ n s < 

The dimensions of any of the parts, and £a#cu-. 
iariy tbej^nd^-tyj^sliuey^ 
resfcesUveJy, cao V W.W^'th^.o^np^f o^signstfthe . 
speaker^l^. .Likewise, ,the element^lJJ ^d 19 can 
also chaTOOTin^si^nwit^^ngeSjJrh^he speaker 
design^ Awy nonferfprn^gnetijCj ^injd .electrically con- 
ductive rnaterja^can bie f vs.e^fpr L i^e shielding mem- 
becs including .alMminup3( and, copper, but not limited ^ 
thereto.., h,-. 0, )i ';n tl "irk, Jnov • - ■> >. ■ 
v/ : Slac^-9ther ( mofjificatipns and chaj»ge,s.ya,ried to 
fi^. partjpula/ operating nrequirgrnents 3nd epviron- 
m,ents will ^apparent ; tp those, ^killed irt.the art the 
invention ^rPQt./consirJered limitep> to.the example 
chosen fwpu^^s^or^igclqswre. >; 

fi ^* ti) ji iS";H*| . i'\ ;■ ; , • 

•IfJlJ 111. i.^bfW ^ n f*.rt o,:. . . r ''■ •- 

A.»n :. ! ? i\t*:\Ut : 

tii) At^yn?rnfe)OAidspeaker hayjng a. cone (2) mov- 
,,,a^ly ^pRO(ted withjn a .basket (5), said basket 
, ( ( suppo/ted uoon a front p^ate.JS^a.back plate (1 2) 
disposed behind said front pjate, amannuiar mag- 
1 <<net (9) disposed between saidjfront plate and said 
; >ack plate, a. pole piecp {1 1) disposed within said 
.. anpular rnagne,t (9) and supported by said back 
I: , plate (1 2), said poJe piepe forming an air gap (1 4) 
n: with said ^rpnt plate, across which a magnetic flux 

: Js,. created, a voice coil (6) attached to the cone. 
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disposed within said air gap characterised by a 
first shield member (7,18) disposed between said 
pole piece and said cone, and a second shield 
member (10,19) disposed between said pole 
piece and said annular magnet, said first and sec- s 
ond shield members shielding said pole piece 
from magnetic flax interactions created in said air 
gap. 

A dynamic loudspeaker in accordance with claim 10 
1, wherein said first shield member comprises a 
substantially solid disc (7), and said second mag- 
netic flux-shielding member comprises a ring 
member (10). • _ ;>" 
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3. The dynamic loudspeaker in accordance with 
claim 1, wherein each o/«aid first and second, 
shield members comprse a hollow cylinder 

(18,19). ; , r ;;; 



i 



A dynamic loudspeaker as claimed in d aim 1 ,2 o# 
1 wherein said pott ptecis is cylindrical* and is 
stepped shape. ' ■ ■ - k 



plate, and ia second widercyiinder (1(j) 
disposed Opon said first' cylinder, an 



5. A dynamic loudspeaker^ accordance jwifch dan 
4, wherein, saU cylihdricah steppejj^jei^l 
(11) comprises a firsj cyli ider di^sed adjacerft *" 
said back f 1 
integrally 

outer cylindrical surface of said second wider cylk^ 39 
nder forming said air, gap with said front plate. ) j 

!,/••••••:] - ' ,• i .. ! 

6. A dynamic loudspeaker in accordance with claim j., 
2, wherein said disc (7) is. attached to,the. front . 1 
face (1 7) of thejpole piece nearer to the cone, anrf 35 
the : ring membW (1Q) surVburid^trie'^ole piece,. j 
closer to the back plate (i2). ; j j" 

' j r^A- ,-. - . 

7. A dynamic loudspeaker^ in accordance 1 "with 
claims 3 and 5, whereihjsaid first arid second; 40 
shield members comprise tube-like members; \ 
(18,19) that are spaped apart from eaci other oh j 
opposite end faces of said second wider cylinder 

(16) of said cylindrical pole piece. j 



A dynamic loudspeaker in accordance with any, 
preceding claim, wherein-; said first anti second 
shield member each comprise highly conductive 
nonferromagnetic material. 

A dynamic loudspeaker in accordance with any 
preceding claim, wherein said first and second 
shield members each comprise copper, or alumi- 
nium. 
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